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ABSTRACT

Resul'. of oxidationcorrosion test evaluations on numerous aircraft turbine engine lubricants are given.
Lubricant type. include those related to specifications MiL-L-7808, MIL-L-9236, MIL-1.-23699, and MIL-L-27502,
as well as a numt ~r of experimental type fluids such as polyphenyl ethers. Blends of selected lubricants were also
examined. Test conditions were varied extensively in the study, with emphasis on the parameters of iime, tempera-
ture, airflow, metals, and reflux of condensable sample vapors. A major objective in investigations with conventional,
ester-type lubricants was + comparison of relative performance for test series of short duration and high temperature
versus long duration (26 dayvs) and relatively low temperature. In addition, several experimental-type fluids were
evaluated in a test series over . temperature range of 600 to 680°F. This investigation was mainly concerned with
performance effects due to variation of metal types in the corrosion specimen set. The applicability of electro-
cleaning of metal specimens was als» explored with regard to improvement of the repeatability of corrosion data.
Volume Il of this report contains a compilation of the individual test data sheets for all tests reported herein.

This absiract is subject to special export controls and each transmitts! to foreign nationals may be made only with prior approval of
the Fuel, Lubrication and Hazards Division (APF), Air Force Aerc Propulsion Laboratory, Wright-Patterson Air Force Base, Ohio
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SECTION 1
INTRODUCTION

This report describes studies carried out to investigate the oxidation and corrosion character’stics of various
Air Force coded lubricants intended for application in aircraft gas turbine engines. The oxidation-corrosion test in its
various forms is normally the initial screening tool in the laboratory evaluation of candidate lubrivants. The rels-
tively low cost and ease of performance make the test an especially valuabie tool in that pumerous flusds and
test conditions may be investigated for the intended service. Basically, the test examines lubricant deterioration at
selected temperatures using an oxidizing atmosphere (air) and selected metal specimens. Fluid performance is
measured by changes in sample viscosity and acidity. Metal specimen attack is evidenced by coupon weight change
per unit surface area.

Test data presented herein were obtained under widely varving conditions and procedures. Evaluations con-
ducted witi conventional and advanced ester-type lubricants covered a range of temperatures from 347 to 464°F
and durations from 48 hr to 26 days. Results were also obtained for several experimental lubricant formulations at
sample temperatures up to 680°F. For most iest series, conditions were varied extensively with respect to test time,
temperature, airflow rate, metal specimen types, and reflux or nonreflux of condensable vapors.

In the later stages of this effort, the concepi of lubricant breakpoints was introduced. This property, defined
in detail in a subsequent section of this report, was applicd to both 100°F viscosity change and neutralization
number change. The breakpoints are expressed as a period of test time required to reach a specific rate of sample
degradation. and are intended as one type of measure of the lubricant’s “useful life.” Lubricant breakpoint may be
considered as an attempt to express precisely the fluid's induction period with respect to oxidative stability.

A test data sheet for each test reported herein is included in Volume II of this report. The data sheets are
arranged in the order of test number.




SECTION I

TEST APPARATUS AND PROCEDURES

\

. - A. Test Glassware

- The test sample tubes are constructed of standard wall 5!-mm Pyrex® tubing with a round bottom. A
standard taper 71/60 outer joint is provided at the tube top. Overall tube length is 450 + 10 mm.

The test tube head is constructed with a standard taper 71/60 ground-glass joint on the lower end which mates
with the test cell joint. The upper surface of the head is formed in a dome-shaped contour. Attached to this surface
are three female ground joints. A 10/30 joint is centrally located to accommodate the air tube. A second 10/30
joint, slightly offset from center, provides for temperature measurements and intermediate sampling. Offset and at a
90-degree position from the sampling port, a 24/40 joint is attached to relieve effluent vapors. Using the condensate
return procedure, 2 300-mm Allihn condenser is directly attached to the latter joint. For test durations of 96 hr and
less, the condenser is water cooled. Reflux tests longer than 96 hr employ forced-air cooling of a 200-mm Graham
condenser at a flow of approximately 1 cfm. This procedure was adopted to allow for unattended operaticn during
weekends without the safety hazards associated with an overhead water system. The nonreflux test procedure
employs a connecting arm, with a 15-degree downward slant, between the 24/40 joint and an overboard condenser.
For this work, 2 200-mm water-gooled Graham condenser was used.

An gir delivery tube of standard 6-mm Pyrex® tubing, approximately 600 mm in length, is fixed in the upper
end of the head by means of a tapered Teflon® thermometer adapter. The tip of the air tube is cut at a 45-degree
angle and rests directly on the bottom of the sample tube. A small glass collar of sufficient size to hold the metal
specimen is located 15 mm from the tip of the air tube. The bottom metal specimen rests directly on this collar, and
succeeding specimens are separated by glass spacers 6-mm wide, cut from standard 9-mm Pyrex® tubing.

B.  Heating Units

Tests conducted at temperatures of less than 425°F utilized three thermostated oil baths. Test cell immersion .

, depth in these units is approximate!y 250 mm. Tests conducted at 425°F and above employed an aluminum block

: " ' heat medium. Cell immersion depth with this unit,

previously described in detailt1), is 250 mm, plus
100 mm of adjacent (top) insulation.

The three oil baths employed in this work
include a rectangular, six-ceil unit previously
described.(2) Due to the increased number of
experiments desired, two additional units of cir-
cular configuration were fabricated. These units,
shown in Figure 1, will accommodate a maximum
of eight test ce'ls each using either a nonreflux
glassware configuration or a reflux configuration
(Fig. 1) in which the vapor condensers are
attached directly above the sample tubes.

‘The circular baths are equipped with a heavy
duty stirrer to provide bath oil agitation. Bath
heating is achieved by means of a 1500-watt cir-
cular immersion heater in conjunction with a
Figure 1. Circular Gil Baths and Control Panel 750-watt heater of the same design. The 1500-watt ,

(nl)ovdopm-( of Lubricant Screening Tests and Evaluation of Lubricants for Gas Turbine Engines for Cominercial Supenonic
Tramaport, ASD Technica! Documentary Report €3-264, Part 1, March 1963.
(2)Oxidstion orrosion Characteristics of Alscraft Turbine Engine Lubricants, AFAPL Technical Report 66-7, February 1966.

4
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unit is a continuously-on element controlied by a variable transformer which is adjusted for optimum control during
operation. The 750-watt element is controiled by an adjustable thermister switch to obtain the final temperature
trim. The baths are capable of temperatures from about 250°F up to S00°F. The bath fluid is a SP4E polyphenyl
ether lubricant (used) accumulated from various tests conducted at this laboratory.

C.  Air Supply System

A precision air regulator is used to provide a constant air pressure to individual fine-thread needle valves from
the laboratory air line. The air is passed through a drying column, containing a calcium sulfate drier, then to a
manifold before reaching the individual test tube control valves and flowmeters. Each of the air flowmeters was
checked by means of water displacement calibrations in order to provide accurate measurement of the airflow rate.

D.  Metal Test Specimens

The metal corrosion specimens are of the round washer type with dimensions 3/4-in. OD and 1/4-in. ID by
0.032-in. thickness. The following matciia! designations apply to the metals which were used:

Aluminum QQ-A-250/4, temper T-3 or T4
Silver MIL-S-13282 (ord), Grade A
Copper QQL-576

Mild Stee} AMS 5040

Magnesium QQ-M44 (AZ31B)

Titanium AMS 4908

Stainless Steel MIL-S-5G59 (ASG), grade 301,
half-hard

Bronze SAELA6T4

Test Procedures

As previously indicated, test conditions employed in this program were varied extensively. In order to outline
these various procedures. Table 1 summarizes the pertinent conditions and tachniques used. All temperatures cited
herein refer to sample temperature, not :he heat medium temperature which is normally 2 tc 3°F higher.

Alt fubricant samples were analyzed to determine Kinematic viscosity at 100 and 210°F and neutralization
number. In evaluations using tire nonreflux apparatus, the overhead fluid was analyzed for 100°F viscosity and
newralization number. Metal specimen attack was determined by weight ditference. In addition, the coupons were
examined at a 20X microscope magnification to observe the type of metal corrosion, e.g.. pitting or etching.

Prior to use, the metal specimens were prepolished with 240 grit silicon carbide abrasive puper. Final finishing
was performed with 400 grit paper. The individual specimens were then cleaned by benzene-weited cotton swab,
followed by acetone-wetted cotion swab,

Post-test preparation of the metal specimens included a successive rinse in benzene and acetone to remove oil.
The individual specimens were benzene swabbed using a series of cotton swabs until clean swabs were noted. The
coupons were finally rinsed in benzene and acetone, air dried. and weighed.

For several tests, an electrocleaning procedure was employed following the normal specimen cizanup. The
individual metals, except aluminum, were cathodically cleaned in a hot (170 to 190°F) caustic bath. The bath
contained an aquceous solution of 15 g/liter sodium hydroxide and 15 g/liter trisodium phosphate. The coupons were
cleaned as the cathode for a period of 15 to 30 sec using a current density of 0.5 amp/in’ . After removal from the
bath, the specimens were rinsed in cold water and cotton swabbed to remove loose deposits. The metals were
weighed after a final rinse in acetone. The aluminum specimens were soaked in concentrated nitric acid for a period
of 15 min, then rinsed and processed as described above.
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Test glassware deposits and sludge were likewise recorded. After test, the entirc sample was filtered through a

200-mesh screen to observe bulk sludge deposits. A 25-ml portion of the lubricant sample was then subjected to a
1-hr centrifuging at a relative force of 840 g’s in order to measure suspended sludge.

F. Lubricant Performance Criteria

Lubricant oxidation-corrosion test studies traditionally utilize the sample performance criteria of viscosity
change and neutralization number. In a majority of tests desciibed herein, these measures of lubricant performance
were applied in assessing fluid stability. However, for certain test series, the feasibility of applying an alternate set of
indices of lubricant performance, i.e., the “viscosity breakpoint” and “neutralization number breakpoint,” was also

explored.

The “breakpoints™ are defined in this report as the duration of test time required for either the lubricant
viscosity or the neutralization number to reach certain assigned rates of increase. Thus, a breakpoint based upon the
rate of viscosity increase is called the “viscosity breakpoint,” and that bascd upon tke rate of increase of neutraliza-
tion number is called the “neutralization number breakpoint.” Because of the significant variance ia test durations
reported herein and, consequently, degradation rates, the breakpoints were differently defined according to test
time. Tests of 9-day duration and longer were subject to the following breakpoint definitions:

(1) Viscosity—time (days) for the 100°F viscosity to reach a rate of increase of 1 cs/4 days

(2) Neutralization number—time (days) for the neutralization number to reach a rate of increase of 1 mg
KOH/g/4 days.

All tests of lesser duration were subject to the following breakpoint definitions:

(1) Viscosity—time (hr) for the 23 - r - - " .
100°F viscosity to reach a

rate of increase of 1 cs/8 hr

(2) Neutralization number—time
(hr) for the neutralization
number to reach a rate of in-
crease of 1| mg KOH/g/8 hr.

For the latter category, actual test times
ranged from 48 to 192 hr.

Figure 2 presents a plot of data
obtained in a 72-hr test at 401°F on
lubricant O-64-12. The graphs scales are
selected such that the tangent to the
plotted curve yields a slope of one at the
defined degradation rate. Viscosity and
neutralization number breakpoints were
identified for this example at 52 and 41
hr, respectively. It will be noted that both
viscosity and acidity accelerated rapidly

22

2l

20
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once the breakpoints were attained. This '+
phenomenon is typical of deterioration )
trends of a large majority of tests con- 13 4 —L .
ducted in this program, and was a signifi- . . 24 »
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cant factor in fixing the breakpoint defi-
nitions previously given.

Figure 2. Typical Lubricant Breakpoint Determinations
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SECTION il
TEST LUBRICANTS
A total of 119 lubricants and 22 lubricant blends were evaluated in the test program. Table 2 presents a listing .

of the lubricants employed in this program, along with inicial viscosity and sieutralization number data and available .
information on lubricant types. _ i

Table 2. Description of Test Lubricants

Viscosity, cs Neut. No., _—

Oil Code ——'————#————l O0°F 210°F mg KOH/g Description
0-60-8 6.1 42 0.18 MIL-L-7808 E
0-60-18 12.1 .32 0.19 MIL-L-7808 E
0461-11 157 4.1 0.39 MIL-L-7808 E
0-61-17 15.7 36 0.04 MIL-L-9236 B
0-62-3 155 38 0.02 MIL-L-7808 G
0-624 15.0 39 0.11 MIL-L-7808 E
0626 178 4.7 0.24 MIL-L-Q07808 F
0-62-7 174 4.2 0.01 MIL-L-7808 type
0-62-13 160 42 0.25 MIL-L-7808 E ;
0-62-16 16.8 44 0.22 MIL-L-7808 E
0-62-25 156 35 0.06 MIL-L9236 B :
0-63-1 17.5 46 0.23 MIL-L-7808 type
0-63-2 16.3 43 0.22 MJL-L-7808 type
0-63-3 15.2 4.1 0.24 MIL-L-7808 type
0-63-8 138 35 0.15 MIL-L-7808 E
0£3-16 16.5 43 0.29 MIL-L-7808 E -
0-64-1 260 5.1 0.10 MIL-L-27502 type
0-64-2 275 5.1 0.07 MIL-L-23699
0-64-6 14.7 36 0.18 MIL-L-7808 type .
0-64-12 138 35 0.2$ MIL-L-7808 D
0-54-13 284 53 0.28 MIL-L-23699
0-64-17 284 53 0.323 MIL-L-27502 type
0-64-18 16.8 43 0.11 MIL-L-7808 E
0-64-20 24.2 4.1 0.00 Aromatic ether, experimental
0-64-21 156 36 0.07 MIL-L-7808 type
0-64-22 183 4. 0.17 MIL.L-7808 iype
0-64-25 288 54 0.00 MiL-L-23699
0-64-26 12.8 3.1 0.33 MIL-L-7808 type
0-65-7 74.7 6.0 0.25 Experimental
0-65-14 17.7 4.7 0.24 Different batch of 0-62-6
0-65-13 212 50 0.02 MIL-L-23699
0-65-i6 26.7 5.1 0.20 MIL-L-23699
0-65-18 176 4.6 6.2} Different batch of 0-62-6
0-65-19 17.7 4.7 0.25 Different baich of 0-62-6
0-65-20 178 4.7 0.26 Ditferent batch of 0-62-6 -
0-65-21 15.1 38 007 Different batch of 0-62-3
0-65-22 15.2 37 0.00 MIL-L-7808 type
0-65-23 126 3.2 0.20 MIL-L-7808 type
0-65-25 14.7 37 0.07 Different batch of 0-62-3 ’
0-65-31 134 32 0.08 MIL-L.7808 G
0-65-33 18.1 4.1 0.14 MIL-L-7808 type
0-65-35 13.1 32 0.21 MIL-L-7808 type
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3 Table 2. Description of Test Lubiicants (Cont’d)
Vigcosity, s Neut. No.,
0il Code 100°F 210°F mg KOH/g Description
0-65-36 28.3 \ 53 0.14 MIL-L-23699
0-65-37 143 34 V.33 MIL-L-7808 type
: 0.65-38 143 35 0.1 M (-L-7808 type
g 0-65-39 15.6 4.1 0.27 MIL-L-7808 type
- 0-6540 13.7 33 0.11 MIL-L-7808 type
06544 16.2 4.3 0.27 MIL-L-27502 type
0-66-1 i2.9 3.2 .27 MIL-L-7808 type
C-66-2 13.8 33 0.05 Same a3 0-66-9
0-66-3 16.3 43 0.14 MIL-L-7808 type
0-66-5 150 38 0.05 Different bztch of 0-62-3
0-66-9 13.9 33 C.06 Different batch of 0-67-11
0-66-10 348.0 129 0.00 Formulated polyphenyl ether SP4E
066-11 16.4 43 Q.16 MIL-L-7808 type
0-66-14 26.0 50 0.01 MIL-L-23699
: 0-66-15 286 54 0.14 Different batch of 0-65-36
3 0-66-16 26.0 5.0 0.01 MIL-L-23699
1 0-66-25 136 33 0.10 MIL-L-7808 type
0-36-26 274.5 26.3 - Experimental (fluozinated)
G-67-1 3576 130 0.01 Different batch of 0-66-10
: 0672 144 36 0.21 MIL-L-7808 type
3 067-3 12.8 31 0.24 MIL-L-7808 type
0674 29.2 54 0.10 MIL-L-27502 type
0+467-3 13.6 33 0.22 Different batch of 0-65-31
0676 134 33 0.03 Mil.-L-7808 type
0-67-7 17.3 4.6 0.26 Different batch of 0-62-6
0678 13.2 33 0.23 MIL-L-7808 type
0679 14.8 3.7 0.04 Different batch of 0-62-3
: G-67-10 173 46 0.26 Different batch of 0-62-6
H 0-67-11 13.3 3.2 0.05 MIL-L-7808 G
£ 067-13 13.5 32 0.10 MIL-L-7808 type
0-67-19 12.5 3.2 0.12 MIL-L-7808 type
067-20 13.5 3.2 0.21 Different batch of 0-65-31
: 0-67-21 129 3.2 0.14 MIL-L-7808 type
K 0-67-24 13.0 35 0.24 MIL-L-7808 G
" 0-68-1 13.3 32 .00 MIL-L-7808 type
i 0-68-5 16.3 40 0.20 MIL-L-7808 type
¥ 0-68-6 13.1 32 .29 MIL-L-7808.type
ATL401 26.3 5.1 0.11 MIL-L-27502 type
: ATL-402 46.8 82 0.12 MIL-L-27502 type
g ATL405 344 6.3 0.09 MIL-L-27502 type
G ATL-556 14.0 36 1.66 MIL-L 7808 {11sed)
ATL-561 144 38 - MIL-L-7808 (used)
ATL-584 16.2 4.1 0.15 Blend (1:1) of 0-65-18 and 0-65-21
ATL-652 15.6 3.5 0.19 MIL-L-9236 B (used)
ATL-719 16.4 40 5.86 MIL-L-7808 (used)
ATL-7T20 13.3 "4 0.34 MIL-L-7808 (used)
ATL-737 140 35 3.57 MIL-L-7808 (used)
ATL-753 13.7 35 0.23 MIL-L-7808 {used)
ATL-769 150 38 0.04 MIL-L-7808 type
ATL-770 150 38 0.04 MIL-L-7808 type
ATL-TN) 15.0 3.7 0.04 MIL-L-7808 type
ATL-7725 13.7 35 050 MIL-L-7808 (used)
ATL-7727 13.7 33 0.16 MIL-L-7808 type

ot Habred




Table 2. Description of Test Lubricants (Cont’d)

Visc cs Neut. No., .
Ol Code 0T ]| 2107 ] mgKOHjg Description
§ ATL-802 15.1 36 2.04 MIL-L-7808 type (used)
~; ATL-80S 14.6 3.8 0.41 MIL-L-7808 (used) ’
ki ATL-806 143 3.5 045 MIL-L-7808 (used)
: ATL-807 13.8 36 0.34 MIL-L-7808 {used)
& ATL-808 134 34 0.39 MIL-L-7808 {used)
X ATL809 134 34 036 MIL-L-7808 (used)
ATLS10 13.9 36 0.32 MIL-L-7808 (used)
ATL-814 134 34 0.23 MIL-L-7808 (used)
ATL825 14.1 3.6 4.26 MIL-L-7808 (used)
i ATL-829 13.9 3.5 0.27 MiL-L-7808 (used)
ATL830 13.6 34 0.80 MIL-L-7808 type (used)
‘ ATL831 14.5 335 0.28 MIL-L-7808 (used)
ATL-832 13.8 3.4 0.31 MIL-L-7808 (used)
ATL833 135 3.5 2.22 MIL-L-7808 (used)
ALO-716P625893 14.5 36 3.29 MIL-L-7808 (used)
ALO-717P628985 139 3.5 1.57 MIL-L-7808 (used)
ALO-718-F622807 133 3.35 0.68 MIL-L-7808 (used)
MLO-62-1005 418 6.8 0.11 MIL-L-27502 type
MLO-62-1011 14.7 34 0.02 MIL-L-9236 B type
MLO-62-1012 26.9 5.3 0.37 MIL-L-27502 type
MLO-63-10C2 4638 8.2 0.16 MIL-L-27502 type
F-1041 3545 129 0.00 Polypheny! ether, SP4E mixed isomers
G-1033 351.6 130 0.03 Same as F-1041
i 1118 16.3 4.2 0.17 Blend (1:1) of 0-65-19 and 0-65-21
31116 15.7 4.0 0.12 Blend (1:3) of 0-65-19 and 0-65-21
i 7 17.0 44 0.20 Blend (3:1) of 0-65-19 and 0-65-21
; saus 153 38 0.09 Blend (1:9) of 0-65-19 and 0-65-21 ’
P #1119 174 4.6 0.23 Blend (9:1) of 0-65-19 and 0-65-21
Cod ' 11126 16.2 4. 0.16 Blend (1:1) of 0-65-18 and 0-65-21
127 156 4.0 0.12 Blend (1:3) of 0-65-18 and 0-65-21 .
J-1128 5.9 44 0.20 Blend (3:1) of 0-65-18 and 0-65-21
J-1129 15.3 38 0.09 Blend (1:9) of 0-65-18 and 0-65-21
J-1130 173 45 0.22 Blend (9:1) of 0-65-18 and 0-65-21
K-1004 16.1 4.1 0.17 Blend (1:1) of 0-65-19 and 0-65-25
K-1005 154 3.9 0.12 Blend (1:3) of 0-65-19 and 0-65-25
s K-1006 16.9 4.4 0.20 Biend (3:1) of 0-65-19 and 0-65-25
: K-1007 15.0 38 0.09 Blend (4:9) of 0-65-19 and 0-65-25
: K-1008 174 45 0.23 Blend (9:1) of 0-65-19 and 0-65-25
i K-1051 390.6 13.3 0.00 Polypheny! ethor, SPAE type
v K-105¢ 16.3 4.2 0.16 Different batch of J-1115
P L-1129 15.0 3.7 0.05 Blend (1:1) of ATL-769 and ATL-77!
‘ L1136 16.1 4.1 . 015 Blend (1:1) of 0-67-7 and 0-67-9
M-1041 73 6.9 0.09 Blend (1:1) of O-64-20 and 0-67-1
M-1051 138 34 0.08 Blend (i:1:1) of 0-67-9, 067-11,
and 0-67-20
M-1052 136 34 0.16 Blend (1:1:1:1) of 0-67-9,0-67-11, .
0-67-20, and 0-67-24
M-1053 13.7 33 0.12 Blend (1:1:1:1) of 0-67-9,0-67-11,
0-67-20, and 0-68-1 .
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SECTION IV

TEST RESULTS AND DiSCUSSION

e
s

A. General Remarks

B

The subsequent discussion of results is divided into two broad categories according to test temperature.
Evaluations performed with conventional and advanced ester-type formulations were carried out within a tempera- s
ture range of 347 to 464°F. Studies conducted with experimental type fluids, such as polyphenyi ethers and :
variations thereof, covered a range of temperatures from 600 to 680°F.
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The effects of various test conditions wers explored in both categories. In the lower temperature range, a
major objective was the investigation of relative performance ranking when comparing short duration, high tempera-
ture (385 to 401°F) data with long duration test results at 347°F. This study was directed toward exar..zztion of
the validity of accelerated testing, i.e.. the tradeoff of temperature for time. The principle of lubricant breakpoint
was first applied in this study, with neutralization number breakpoint being the primary criterion.

B T A

it should be noted that several of the high-airflow (130 liters/hr) tests included herein were previously
reported.(2) Where applicable, these data are repeated here in order to provide a more comprehensive picture of
lubricant performance.

B.  Test Results in the Range 347 to 464°F

1. 18-Hr Oxidation-Corrosion Test Results. The 18-1r test procedure employed in this series was originally
developed(!-3) to provide reasonable correlation with 425°F engine tests conducted by AFAPL. The procedure
utilizes an airflow rate of 130 liters/hr with the nonreflux glassware configuration. Metal specimen set V (Al, Ti, Ag,
steel, and S.8.) is employed in this procedure.

.

w3ty

Table 3 summarizes the results of this series performed with six lubricants. The objective of the work
was (0 determine the lubricants’ temperature tolerance with respect to oxidation stability by increasing the test
temperature from an initial value of 425°F, in 25°F increments. until a sample viscosity increase at 100°F of 100
percent or more was obtained. In Table 3, lubricants 0-65-16 and ATL-652 reached this level of degradation at
425°F while 0-64-21, 0-64-22, 0-64-25, and 0-65-15 showed a 100°F viscosity increase in excess of 100 percent at
450°F. On the basis of viscosity increase, lubricant 0-63-15 gave the best performance: this oil, along with 0-64-25,
also showed the best performance on the basis of neutralization number. Significant metal attack was noted only for
silver in the 450°F test on 0-64-25. Lubricant 0-65-15 indicated the best overall performance of the lubricants
evaluated at 450°F , while 0-64-22 indicated the best performance at 425°F.

T T PN T

ey

§ 2. Test Results in the Range 385 to 401°F. A total of 51 test lubricants were evaluated in an extensive test
series at 385°F using a 48-hr procedure. This series utilized three basic sets of test conditions—130 liters/hr airflow
with reflux, 130 liters/hr nonreflux, and 10 liters/hr reflux. The normal metal specimen group for ail tests was set |

{Al, Ti, Ag, steel, Cu, and Mg). A summary of data obtained in this series is given in Table 4.

b

In Table 4, attention is particularly calied to the test airflow rate of 130 liters/hr which was used in both
reflux and nenreflux tests. As a consequence of the relatively high airflow, condensation efficiency was very low.
Thus. only slight refluxing was actually obtained when using the condensate return configuration. This fact is
substantiated by oil loss data which indicated little or no difference in sample weight loss between reflux and
nenreflux tests on the test fluids at 385$°F, However, when the reflux test was performed at 10 liters/hr, a significant
cifect was obtained. Sample weight loss for these tesis was less than 10 percent in all cases.

3IDevelopment of Lubricant Screening Tests and Evatuation of Lubricants for Gas Turbine Engines fos Commetcial Supersonic
Transport, ASD Technical Dovumentary Report 63-264, Part 11, May 1965,
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Table 3, Summary of 18-Hr Oxidation-
Corrosion Test Results

(Air rate, 130 liters/hr; nonreflux)

il Test 100°F Vis Neut. No., Oil Loss. Significant Test
Code Temp, °F Increase, % mg KOH/g wt % Metal Attack* No.
0-64-21 425 36 3.93 24 None 149-1
450 5080 15.10 68 None 150-1
0-64-22 425 6 0.57 22 None 149-2
450 1235 9.99 65 None 150-2
0-64-25 425 i6 1.05 1§ None 188-1
450 2700 8.38 50 Ag 189-1
0-65-15 425 19 0.81 17 None 188-2
450 722 8.80 38 None 189-2
0-65-16 425 122 6.80 20 None 188-3
ATL-652 425 99 6.97 40 None 2711
425 115 7.21 42 None 271-2
*Delined as a weight change of 20.20 mg/cm?, or more. Metal set V (Al, Ti, Ag, steel, S. S.).
Table 4. Summary of 48-Hr, 385°F Test Results on Several Lubricants

Air Rate, | Condensate 100°F Vis Neut. No.. | Oil Loss.] Significant Test

liters/hr Return Increase, % mg KOH/g wt % Metal Attack* No.

130 No 390 i.67 60 None 127-1

10 Yes 6 1391 4 Cu 230-1

130 No 25 1.10 50 All 127.2

130 No 25 0.98 50 None 200-3

130 Yes 31 1.00 52 Ncone 200-4

10 Yes 6 213 2 Cu 236-2

130 No 118 1.38 54 Ag, Cu 1431

130 No 88 117 60 Steel, Cu 127-3

10 Yes -4 8.39 3 None 227.5

130 No 72 1.21 42 None 1274

130 Yes 69 .08 3 None 166-1

130 Yes 73 112 43 None 163-1

10 Yes ; 0 1.54 2 None 230-3

130 No 10! 1.45 58 None 143.2

130 No 113 1.95 55 None 127.5

130 Yes 79 1.14 54 None 164-1

1o Yes 0 191 3 Mg 2304

10




Table 4. Summary of 48-Hr, 385°F Tests Results on Several Lubricants (Cont'd)

Oil Air Rate, | Condensate 100°F Vis ! Neut. No., | Oil Loss, Significans Test
Code titers/hr Return Increase, % mg KOH/g wt % Metal Attack® No.
0-62-6 130 No 118 224 57 Cu 1276

130 No 19 2.06 57 None 165-1

130 No 129 1.78 58 None 143-3

130 Yes 58 5.01 54 None 164-2

130 Yes 49 10.78 54 Cu 163-2

10 Yes ~12 5.30 3 Cu 230-5

0-62-13 130 No 144 1.54 57 Non: 137-1
10 Yes -6 2.86 3 Cu 232-2

0-62-16 130 No 70 13.96 87 None 137-2
i30 Yes 110 21.9 57 Cu 163-3

10 Yes -9 542 3 None 2273

0-63-8 130 No 20 0.50 35 Cu 137-3
10 Yes 7 1.63 2 Cu 2326

0-63-16 130 No 170 1.14 56 None 1374
130 Yes 153 1.17 55 None 1634

10 Yes -4 1.99 2 None 2276

0-64-2 130 No 19 0.38 1) None 143-6
130 Yes 18 0.31 16 None 164-3

10 Yes 15 0.41 4 None 226-i

0-64-6 130 No 31 3.20 35 Ag. Cu, Mg 195-4
130 Yes 30 3.28 14 Ag.Cu, Mg 195-1

0-64-12 130 No 14 1.27 3 Al Ti, Ag, steel, Mg 1434
130 No 14 1.48 30 Ag. steel, Mg 255-1

10 Yes 7 210 2 Ti 226-2

0-64-18 130 No 27 1.69 6 None 137-5
130 No 27 25y 25 None 255-2

10 Yes -2 5.13 3 None 226-3

96426 130 No 109 0.41 54 Cut j6R-1
130 Yes 106 047 52 Cu 167-1

10 Yes i1 0.52 3 None 2266

0-65-14 130 No 577 8.9 60 None i81-1
130 Yes 452 0.7 3R None 181-2

130 Yes 4866 223 5K Mg. Mgt 2242

10 Yes 5 1307 5 Cu, Mg 2231

10 Yes ] 11.90 4 Cu, Mg 2553

) Yes 3 163 4 Nonei 2244

st
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Table 4. Summary of 48-Hr, 385°F Test Results on Several Lubricants (Cont'd)

0il Air Rate, | Condensate 100°F Vis Neut. No., | Oil Loss, Significant Test
Code liters/hr Return Increase, % mg KOH/g wt % Metal Attack® No.
0-65-18 130 No 148 1.85 59 None i83-1
130 No 80 14.44 56 None 201-6
130 No 177 1.66 59 None 2024
130 Yes 129 1.68 54 None 183-2
130 Yes 227 280 57 Cu 2023
130 Yes 143 1.13 54 Mg, Mg} 2244
10 Yes -9 8.84 2 Cu 223-2
10 Yes -9 3.83 1 Mg, Mgt 2243
0-65-19 130 No 59 1.29 45 None {83-3
130 No 167 191 58 None 200-1
130 Yes 48 10.49 52 None 1834
10 Yes ~11 8.02 3 Cu 223-3
0-65-20 130 No 144 1.77 57 None 222-2
130 Yes 122 1.80 56 None 222-1
10 Yes -11 1047 3 Cu 2554
0-65-21 130 No 76 1.25 45 None 183-5
130 No 82 1.21 47 None 200-2
130 Yes 174 264 54 Cu, Mg 183-6
10 Yes 0 1.63 3 None 2234
0-65-22 130 No 15 1.23 27 None 195-5
130 Yes 15 1.21 27 Mg 195-2
0-65-23 130 No 141 0.84 52 None 191-3
130 Yes 148 0.86 50 None 191-1
10 Yes 9 1.18 3 None 227-1
0-65-25 130 No 78 1.30 48 Cu 208-3
130 Yes 79 1.33 47 None 208-1
10 Yes 1 162 3 None 223-5
0-65-31 130 No 59 0.65 43 None 192-6
130 No 72 0.74 47 None N84
130 Yes 58 0.65 44 None 192-3
130 Yes 62 0.74 44 None 208-2
10 Yes 9 093 1 None 2236
0-65-33 130 No 10 0.38 24 None 2134
130 Yes 10 037 24 None 213-1
0-65-35 130 Nao 108 0.92 44 Mg 195-6
130 Yes 105 0.91 44 Mg 195.3
10 Yes 11 141 3 None 2274
12




Table 4. Summary of 48-Hr, 385°F Test Results on Several Lubricants (Cont'd)

T O 0 (A ol vt it A Mgh 2 A

Oil
Code

} Air Rate,
liters/hr

Condensate
Return

100°F Vis
inc.ease, %

Neut. No.,
mg KOH/g

Qil Loss,
wt %

Significant
Metal Attack*

T e

M L e i S i

o A MY S, W

0-65-36

0-65-37

0-06-25

G672

0-467-3

130
130

130
130
10

130
130

130
130

130
130
10

130
130

130
130
10

No
Yes

No
Yes
Yes

No
Yes

No
Yes

No
Yes
Yes

No
Yes

No
Yes
Yes

No
Yes

No
Yes

No
Yes

No
Yes
Yes

No
Yes

No
Yes

No .
Yes

18
17

26,560 (40 hr)
19,000 (40 hr)
84

72
66

238
1025

64
61
9

98
98

93
73
9

209

0.45
0.50

24.3(40hr)
24.3 (40 hr)
10.20

0.20
0.23

1.99
3.9

0.07
0.75
0.93

0.84
0.86

0.96
0.94
I.14

1.68
1.76

1.53
1.84

0.96
i.14

479
45.2
13.57

209
273

12
11

51
49
6

46
46

62
51

43
43
3

44
45

47
44
1

Mg
Mg

Cu
Cu
Cu, Mg

Mg
Mg

None
None

Mg
Mg

B ]
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f 5} Table 4. Summary of 48-Hr. 385°F Test Results on Several Lubricants (Cont'd)
!

b oil Air Rate, | Condensate 100°F Vis Neut. No., | Oil Loss, Significant Test
! Code | litersfhr Return Incieass, % | mg KOH/g wt % Metal Attack* No.
0674 130 No 19 062 10 | Cu 2694
: 10 Yes 12 0.57 4 Cu 269-1
10 Yes 12 0.53 5 Cu 291-1
0675 130 No 65 0.80 47 | None 269-5
: 10 Yes 9 1.09 0 None 269-2
0-67-7 130 No 173 168 59 None 269-6
10 Yes ~12 6.65 2 None 269-3
0678 130 No 91 156 54 | cu 2684
] 10 Yes 12 157 4 Cu 268-1
; 10 Yes 12 1.50 5 None 291-3
0679 130 No 81 111 47 | None 268-5
i 10 Yes 0 1.36 3 Nonc 268-2
i
{ 06710 | 130 No 298 15.49 61 Mg 2754
] 10 Yes -6 13.20 8 Cu, Mg 275-1
' 06711 | 130 No 169 088 53 | None 2686
10 Yes 9 1.11 3 None 268-3
06713 | 130 No 50 0.42 a6 | Mg 2755
i 10 Yes 10 0.75 2 Cu 275-2
: 10 Yes 10 0.59 3 Cu 2914
i ATL-SS6 | 130 Yes 730 270 59 Cu 202-1

ATL-S61{ 130 Yes 572 (40 r) 39.2 64 Cu 202-2
, ATLS84| 130 No 98 1.49 54 None 197-2
B 130 Yes 9% 1.50 51 None 197-1
¢
j *Defined as a weight change of 10.20 r;iglcmz, or more. Metal set I (Al, Ti, Ag, stee!, Cu, Mg).

+ After electrocleaning procedure.

$Metal specimen set used: Mg, Mg.

viscosily increase was close to the firsi nonreflux test result.

14

in Table 4, viscosity and neutralization number for the 130 liters/hr tests are compared. A large majority
of the lubricanis examined in this study were unaffected by the reflux procedure. However, some fluids showed a
possible effect, and the technique served both to improve or worsen performance depending on oil type. Lubricants
0-624, 0-62-6, 0-65-19, and 0-66-2 showed increased oxidative stability when run with the reflux procedure. The
use of condensate return had a delcterious effect on the performance of 0-62-16, 0-65-18, 0-65-21, and 0-65-39.
For sl lubricanis mentioned, the effect was reflected by sample viscosity. Lubricant 0-65-19 gave poor repeatability
in a repeat test using the nonreflux procedure. The second test yielded a threefold increase in viscosity, The neutral-
ization number obtained with the reflux procedure was considerably higher than nonreflux values although the
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Metal specimen corrosion data in the !30-liters/hr reflux determinations were, with one exception,
generally unchanged from the results shown in nonreflux tests. Lubricant 0-65-21, which gave no significant metal
attack in nonreflux oxidationcorrosion tests. showed weight losses of 0.27 and 0.73 mg/cm?® for copper and
magnesium, respectively. The lubricant was of the group which likewise showed increased deterioration of oil

properties using condensate return.

Many of the lubricants evaluated at 130-liters/hr airflow were also tested at an air rate of 10 liters/hr
using the condensate return procedure. From Table 4, it is seen that the 13C-liters'hr airflow had a much greater
effect on viscosity than neutralization number. With the exception of some MIL-L-23699-type lubricants, few oils
performed adequately at this high airflow: whereas. most fluids performed satisfactorily in the 10-liters/hr test.
Metal specimen data, for the most part, were unchanged from the results shown in the high-airflow tests.

One procedural variation in the composition of the metal specimen set was used for lubricants 0-65-14
and Q-65-18. For one test at 130 liters/hr, condensate return, two magnesium metzl specimens were substituted for
the *“‘standard” metal set. Sample viscosity increase was greater for 0-65-14 using this variation, but neutralization
number was slightly lower. Both magnesium specimens were severely attacked. Lubricant 0-65-18 showed no
significant change from the standard test. This variation was repeated using the 10diters/hr reflux procedure.
Lubricant 0-65-14 showed essentially the same viscosity increase as in the standard test, but neutralizatica number
was much lower, with no attack of the magnesium specimens appearing. Similarly, 0-65-18 gave a lower rn.cutraliza-
tion number, but both magnesium specimens were attacked.

Using the high-airflow, nonreflux test procedure. a systematic study was conducted to examine the
effect of blending selected lubricants. Various volumetric concentracions were tested at 375 and 385°F using the
following lubricant combinations: 0-65-18 and -65-21; 0-65-19 and 0-65-21 - and 0-65-19 and 0-65-25. The three
lubricant combinations cited are actually blends of different batches of the same two formulations. Reference to
Table 2 shows that O-65-18 and O-65-19 are different batches of 0-62-6, whereas 0-55-21 and 0-65-25 are different

batches of 0-62-3.

As shown in Table S, viscosity and acidity data for the 375°F tests indicated a closely similar per-
formance for the constituent lubricants, as wall as the various mixtures. At 385°F, however, the 0-65-18/0-65-21
combination demonstrated a significant and unmsual incompatibility for two specific blend concentrations. Figure 3
illustrates the deleterious effect obtained for the blends containing 10 and 25 volume percent of O-65-21.
Unexplainably. the 385°F hjend series with (-65-19 (different batch of 0-65-18) and 0-65-21 did not produce the
same effect. This phenomenon suggests a possibie inconsistency between the 0-65-18 and G-65-19 sample batches.

In a subsequent test series at moderate temperatures, the fow-airflow (10 liters/hr) reflux conditions
were maintained throughout. In addition, the lubricant breakpoint criteria were applied for all runs. Numerous
evaluztions, summarized in Table 6. were performed at one or more of the three test temperatures of 385. 392, and
J01°F. A 48-hr test duration was observed in a majority of tests; however, several runs were extended to 72 hr to

increase the probability of breakpoint securience.

As previously mentioned. the neutralization number breakpoint was considered to be the primary
scrformance criterion. This parameter almosi invariably occurred slightly earlier than the corresponding viscosity
breakpoint, using the rate of change definitions established.

Reference to Table 6 reveals that many of the <
. . L co . . Sample Neut. No.

lubricants examined at 385'F gave relatively high neutraliza- T op ) o

. . emp. F Breakpoint, hr

tion number bieakpoints, or none at ail. Most of the 2xcep-

tions to this observation were used oil samples. As expected, 0-60-18 383 6l

a much greater perfonnance spread occurred for the various 392 53

fluids evatuated at 392 and 401°F. At these higher tempera- 401 18

tures, certain lubricants exhibited a marked sensitivity to

temperature increase. in addition, the response to tempera- 0679 38§ 55

ture change was not consistent among the lubricants 392 44
301 33

evaluated. The phenomenon is illustrated by the foliowing
test data for 0-60-18 and 0679

15




Table 5. 48-Hr Oxidation-Corrosion Test Results for Selected Lubricant Blends

(Air rate, 130 liters/hr; nonreflux)

375° F Sample Temperature 385°F Sampie Temperature
Content, vol % 100°F Vis Neut. No.. Test 100°F Vis Neut. No., Test
Increase, % mg KOH/g No. Increase. % mg KOH/g No.
0-65-18 0-65-21
100 0 67 0.90 204-6 135* 5.9¢+* *
90 10 80 0.96 204-5 566 14.12 201-5
75 25 60 0.99 204-3 232 18.64 201-3
50 S0 71 097 204-1 101+ .48 t
25 75 64 095 204-2 87 1.31 201-2
10 20 68 0.86 2044 92 1.29 2ul-4
-0 100 60 0.88 2056 79% 1.23% t
0-65-19 0-65-21
100 0 65 094 203-6 113** 1.60** ok
90 10 75 095 203-5 130 2.00 199-5
75 25 57 093 203-3 94 1.67 199-3
80 50 66 095 203-1 106 1.48 199-1
25 75 60 085 203-2 86 1.34 199-2
i0 90 67 0.80 203-4 90 1.23 199-4 ‘
0 100 6 0.88 2056 791 1.23% i
0-65-19 0-65-25
100 0 65 0.94 203-6
90 10 73 1.07 205-5
75 25 61 1.05 205-3
50 50 66 0.98 205-1
25 75 60 091 205-2
10 90 64 091 2054
0 100 §7 0.94 207-1
* Average of three determinations; Tests Nos. 183-1, 201-6, and 202-4.
tAverage of two determinations; T'ests Nos. 197-2 and 201-1.
tAverage of two determinations; Tests Nos. 183-5 and 200-2.
**Average of two determinations; Tests Nos. 183-3 end 200-1.

At 385 and 392°F, 0-60-18 demonstrated a greater stability as evidenced by neutralizaticn number breakpoint. At
401°F, however, the lubricant gave a significamly shorter breakpoint and was less satisfactory than 0-67-9 at this

temperature.

As described in Table 6, lubricants 0-65-14 and 0-65-18 (different batches of the same formulation)
were examined at 385°F using modified test conditions. The normal metal specimen set was omitted and two
magnesiurn specimens were inse.ied. This variation of metal types produced several unusual performance effects.
With magnesium alone, viscosity data for 0-65-14 were essentially unchanged. However, there was a noticeable
improvement in siability as reflecied by sample acidity. The neutralization number breakpoint was increased, and
the final 48-hr neutralization number was appreciably lower. A contrast was also skown for the 0-65-14 corrosion

16
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Figure 3. 385°F Oxidation-Corroston Test Results on the Effect of
| Blending Lubricants: 0-65-18 and 0-65-21

data. Significant weight losses for magnesium were recorded for both determinations using the normal metal set. In
the test with magnesium alone, neither of the two coupons indicated significant attack.

0-65-18 showed the reverse effect with respect to corrosion data. Magnesium attack did not occur in the
standard test, whereas, with the dual magnesium specimens, both coupons indicated significant corrosion. Sample
pioperty results for 0-65-18 showed an effect for the metal variation similar to that obtained with 0-65-14, except
that the neuuizlization number improvement with magnesium alone was less pronounced with the former oil.

Seven of the lubricant samples listed in Table 6 consisted of equal volume blends of various constituent
oils. Breakpoint data for the tests are grouped in Table 7 according to the constituent oil data and the corresponding
blend (K-, L-, and M<coded samples) data. Although many determinations showed no deterioration breakpoints
within the test period, the blend results revealed no apparent incompatibility between constituents. This conclusion
is somewhat tentative in the case of L-1136, since data at 401°F were not obtained for 0-67-7. However, the 385°F
test results for the L-1136 constituenis imply that the blend result at 401°F is within the expected breakpoint range
of the constituents.
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Table 6. Summary of Low-Airflow Reflux Oxidation-Corrosion Test Results

(Air rate 10 liters/hr; reflux}

oil Sample Test 100°F Vis | Neut. No., Breakpoint, hr Significant Test
Code Temp, °F | Time, hr | Increase, % | mg KOH/g | 100°F Vis | Neut. No. | Metal Attack* | No.
& 0-60-8 385 48 6 13.91 44 28 Cu 230-}
s .
i 0-60-18 385 48 6 2.13 48+ 48+ Cu 230-2
% 385 72 10 6.29 72+ 61 All 325-1
392 72 50 21.6 54 53 All 296-1
{ 401 72 93 29.9 a1 18 All except Mg | 327-1
! 0-61-11 385 48 -4 8.39 48+ 39 None 227-§
0-62-3 385 48 0 1.54 48+ 48+ | None 2303
:
: 0-624 385 48 0 1.91 48+ a8+ | Mg 2304
0-62-6 385 48 ~12 5.30 48+ 40 Cu 230-5
0-62-7 385 48 -1 48+ 48+ None 230-6
385 48 0 48+ 48+ None 2321
0-62-13 385 48 —6 2.86 48+ 46 Cu 232-2
0-62-16 385 48 -9 6.42 48+ 38 None 227-3
3.78 48+ 40 None 2323
3.90 48+ 43 None 2324
12.43 48+ 40 Cu, Mg 232.5
1.63 48+ 48+ Cu 2326
.99 48+ 48+ None 227-6
0.41 48+ 48+ None 226-1
0.55 72+ 72+ None 312-1
0.63 72+ 72+ None 326-i
1.0} 72+ 72+ None 314-1
210 48+ Sot Ti 226-2
3.07 12+ 72+ Al, steel 325-2
7.56 72+ 60 All except Cu | 296-2
20.5 52 41 All 314.2
5.13 48+ 40 None 226-3
234 43 18 Cu 2963
0.52 48+ 48+ None 226-6
18
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Tabie 6. Summary of Low-Airflow Reflux Oxidation-Corrosion Test Results (Cont'd)

(Air rate 10 liters/hr; reflux)

Oil Sample Test 100°F Vis | Neut. No., Breakpoint, hs Significant Test
Code Temp, °F | Time. hr | Increase, % | mg KOH/g [100°F Vis | Neut. No. | Mutal Attack® { No.
0-65-14 385 48 —5 13.07 45 31 Cu, Mg 223-1
385 48 -8 11.90 48+ 4] Cu, Mg 255.3
385t 48 -3 1.63 48+ 48+ None 224-1
392 n 1445 24.4 41 30 Cu, Mg 2964
0-65-18 385 48 -9 8.84 48+ 40 Cu 223-2
385¢ 48 -9 383 48+ 42 Mg, Mg 2243
0-65-19 385 48 -11 8.02 48+ 39 Cu 223-3
392 72 32 19.89 56 28 Cu, Mg 296-§
0-65-20 385 48 —11 10.47 48+ 40 Cu 255-4
0-65-21 385 48 G 1.63 48+ 48+ None 2234
385 72 14 10.14 65 56 Cu 325-3
392 72 30 16.22 54 49 Cu 297-1
401 72 65 21.7 40 18 Cu 314-3
0-65-23 385 48 9 1.18 48+ 48+ None 227-1
0-65-25 385 48 1 1.62 48+ 48+ None 223.5
0-65-31 385 43 9 0.93 48+ 48+ None 2236
392 72 14 1.57 72+ 72+ Mg 326-2
401 72 17 2.09 72+ 72+ Mg 3272
0-65-35 385 48 11 1.41 48+ 48+ None 2274
0-65-37 385 48 84 10.20 8 6 Cu. Mg 22722
0-65-40 385 48 9 0.93 48+ 48+ None 2264
0-66-2 385 48 9 1.14 48+ 48+ None 224-5
0-66-5 385 48 -2 1.84 48+ 48+ None 255-§
0-66-9 385 48 9 1.14 48+ 48+ None 226-5
0-66-11 38§ 48 13 13.57 41 31 None 224-6
388 72 - 233 40 24 Cu. Mg 3254
392 72 62 238 30 24 Cu, Mg 7.2
0-66-25 3KS 48 17 273 48+ 48+ Cu 253-1
0-67.2 385 48 0 0.94 48+ 48+ None 2532
19
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Table 6. Summary of Low-Airflow Reflux Oxidation-Corrosion Test Results {Cont’d)

(Air rate 10 liters/hr; reflux)

Oil Sample Test 100°F Vis | Neut. No., Breakpoint, hr Significant Test
Code Temp, °F | Time, kr | Increase, % | mg KOH/g [100°F Vis | Neut. No. | Metal Attack®* | No.
0-67-3 385 48 9 1.36 48+ 48+ None 253-3
385 72 10 .35 72+ 72+ None 325-§
392 72 12 1.81 72+ 72+ None 3122
392 72 11 1.80 72+ 724 None 326-3
401 72 50 10.58 56 56 Nene 3144
0-674 38s 48 12 0.57 48+ 48+ Cu 269-1
385 48 12 0.53 48+ 48+ Cu 291-1
0-67-5 385 48 9 .09 48+ 48+ None 269-2
0-67-6 385 48 10 1.11 48+ 48+ None 291-2
0-67-7 385 48 -12 6.65 48+ 39 None 269-3
392 72 835 310 41 19 Cu, Mg 3123
0-67-8 385 48 12 1.57 48+ 48+ Cu 268-1
385 48 12 1.50 48+ 48+ None 291-3
392 72 18 3.44 72+ 70 Cu 3264
0-67-9 385 48 0 1.36 48+ 48+ None 268-2
38: 72 13 10.90 66 55 Cu 325-6
392 72 32 16.98 53 44 Cu 3124
401 72 74 22.6 40 33 Cu 3145
0-67-10 385 48 -6 13.20 45 26 Cu, Mg 275.1
0-67-11 385 48 9 1.11 48+ 48+ None 268-3
392 72 13 1.84 72+ 724+ None 3125
401 72 73 11.88 54 46 None 314-6
0-67-13 385 438 10 0.75 48+ 48+ Cu 275-2
385 48 10 0.59 48+ 48+ Cu 2914
0-67-19 385 48 8 2.30 48+ 48+ None 295-1
385 48 8 2.56 48+ 48+ Cu 307-1
392 72 11 3.68 72+ 72+ None 326-5
401 72 14 5.33 72+ 7 None 327.3
0-67-20 385 48 10 0.85 48+ 48+ None 29S5-2
3¢5 48 9 091 48+ 48+ Cu 307-2
392 72 i3 1.37 72+ 72+ None 297-3
401 72 38 9.03 61 55 None 3147
0-67-21 385 48 9 0.92 48+ 48+ None 295-3
392 72 12 1.57 72+ 72+ None 326
401 72 16 2.33 72+ 71 None 3274
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Table 6. Summary of Low-Airflow Reflux Oxidation-Corrosion Test Results (Cont’d)
(Air rate 10 liters/hr; reflux)
Qil Sample Test 100°F Vis | Neut. No., Breakpoint, hr Significant Test
Code Temp, °F | Time, hr | Increase, % | mg KOH/g [ 100°F Vis | Neut. No. | Metal Attack®* | No.
. 0-67-24 385 48 2 2.50 48+ 48+ | Steel,Cu 307-3
2w 385 72 18 16.08 64 53 Mg 325.7 §
" 392 7 60 33.3 53 40 Cu, Mg 3127
401 72 86 34.6 40 15 Cu, My 3275
0-68.1 385 48 8 0.79 a8+ 48+ | Steel,Cu 3074
392 72 1 1.29 72+ 72+ | None 3128 '
401 72 19 3.61 7 66 None 3148 f
0-68-5 385 a8 4 1.03 48+ 48+ | None 334.5 §
0-68-6 385 43 35 9.48 36 26 Cu 335.1
3
ATL-719 385 48 20 19.54 36 20 Cu 3181
ATL-720 385 48 25 14.08 38 29 Cu 3182
ATL-737 385 48 5 3.44 48+ 48+ | None 3183
ATL-753 385 48 4 1.39 48+ 48+ | Cu 3184
ATL-769 385 a8 -1 1.20 48+ 48+ | None 291.5
ATL-770 385 48 -1 1.26 48+ 48+ None 291-6
ATL-771 385 48 0 1.23 48+ 48+ | None 291.7
, ATL-7725| 385 48 45 225 28 17 Cu 308.7
ATL-7727| 385 48 8 083 48+ 48+ | None 2081
i ATL-805 385 a8 6 3.99 a5+ 4s Cu 308-!
ATL-806 385 48 14 9.00 42 36 None 308-2
ATL-807 385 48 21 15.79 38 28 Cu 308-3
ATL-808 385 48 14 7.68 43 40 Cu 3084
E- ATL-809 38S a8 14 7.05 43 40 Cu 308-$
ATL810 388 48 18 15.87 40 30 Cu 3086
ATL-814 385 48 38 11.36 » 25 Cu 323-1
| g ATL-82S 38S 48 26 204 34 25 Cu 323.2
: 21
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Table 6. Summary of Low-Airflow Reflux Oxidation-Corrosion Test Results (Cont’d)
(Air rate 10 liters/hr; reflux)

i e IR R R e

0il Saniple Test 100°F Vis | Neut. No., Breakpoint, hr Significant Test
, Code Temp, °F | Time. hr | lu.rease, % | mg KOH/g | 100°F Vis { Neut. No. { Metal Attack* | No. é
ATL829 385 48 3 1.77 a8+ 48+ | None 334.1 . ,
e ATL-830 385 48 28 9.68 a | 30 None = 334-2
§ ATL-831 385 48 7 1.01 48+ 48+ | None 3343 ’ § i
E ATL-832 385 48 8 1.10 48+ 48+ | None 3344 "
a ATL833 385 48 4 4.35 48+ 48+ None 335-2 |
% ALO-716 385 48 9 839 a6 37 Cu, Mg 303-1
: ALOTI7 | 385 48 6 3.75 a2+ a6 | cu 303-2
ALO-718 385 48 36 21.1 30 28 Cu 303-3
K-1054 392 p) 29 218 52 36 Cu, Mg 297-4
L1129 335 48 -1 1.28 a5+ 48+ None 295-4
L1136 385 48 -6 2.04 48+ 47 None 295-5
401 72 91 32.0 34 17 Cu, Mg 327-6
M-1051 385 48 5 0.85 48+ 48+ None 315-1
M-1052 385 48 5 1.46 a8+ 48+ | None 315-2 )
i M-1053 385 48 6 0.82 48+ 48+ None 3153
z *Defined as a weight change of $0.20 mg/cm?, or more. Metal set 1 (Al, Ti, Ag, steel, Cu, Mg).
+Metal specimen set used: Mg, Mg.

Table 7. Breakpoint Data for Lubricant Blends and Blend Constituents
{Air rate, 10 liters/hr; reflux)

Gil Sample Tl}gakpoim, hr Oil Sample Breakpoint, hr
Code Temp °F 100 °F Vis Neut. No. Code Temp,°F 100°F Vis | Neut. No.
0-65-19 392 56 28 0-67-7 385 48+ 39
‘ 0-65-21 392 54 49 0-679 385 66 55
? K-1054 392 52 36 0-67-20 385 48+ 48+
Co M.1051 385 48+ 48+
Do ATL-769 385 48+ 48+
S ATL-771 385 48+ 48+ 0-679 385 66 55
L1129 385 48+ 48+ 067-11 385 48+ 48+
0-67-20 385 48+ 48+
0-67-7 385 48+ 39 0-67-24 385 64 53
0-67-9 385 66 55 M-1052 385 48+ 48+
L1135 385 48+ 47 ;
0679 385 66 55 .
0677 401 - 0-67-11 385 48+ 48+ i
0-67-9 401 40 33 0-67-20 385 48+ 48+
L-1136 401 34 17 0-68-1 385 48+ 48+
M-1053 385 48+ 48+

()
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3. Long-Duration Test Results. A frequent guestion reiating to the applicability of lubricant bench tests
concerns the validity of accelerated testing procedures. The objective of test acceleration is obvious—a greater
number of samples may be screened wiih attendant savings of time and costs. The question is whether the use of test
acceleration produced valid screening data. In the case of the oxidatiorn-corrosion test, the question can be stated in
terms of the increased temperaturc required to shorten test duration, : e.. can a 48-hr or 72-hr test at, ssy, 392°F
effectively predict reletive oil performance under service conditions of lower temperatures and much-longer dura-
tions? The results discussed in this section of the report consiitute a brief examination of this aspect of the
oxidation-corrosion test.

Using the Jow-airflow reflux procedure, five lubricants were examined in the initial test series at 347°F.
As shown in Table 8, san )le degradation in all instances was very slight for test durations ranging from 96 to 192 hr.
No deterioration breakpoints occurred at any condition.

The low-airflow reflux procedure was next employed in a series using a 26-day (624-hr) test duration,
aiso at 347°F. With this extended test period, the intermediate sampling schedule was modified to allow for weekly
sampling intervals. Intermediate sumple volumes of 35 ml were taken. and were replaced with new oil at each
sampling period.

Summary data for the 26-day test series are given in Table 9. Although only a limited number of
repetitive runs were made, the repeatability of the procedure appeared to be satisfactory with two exceptions. There
was poor correspondence for neutralization number breakpoint in repeat tests with lubricants 0-65-14 and 0-65-19.
For both oils, however, there was good agreement of viscosity breakpoint data in repeat tests.

Several procedural variations were employed in the 26-day series, primarily with regard to the composi-
tion of the metal specimen set. One determination on 0-65-14 was performed without oil makeup for intermediate
samples. This deviation, as expected. promoted lubricant deterioration in comparison with data for the normal
procedure. Lubricant 0-65-18 was examined in one run without the magnesium specimen present. The deletion
resufted in an appreciable increase in the viscosity breakpoint and a slight increase in the neutralization number
breakpoint. These effects, however, may not be too significant in view of the extremely rapid deterioration of
0-65-18. hoth with and without magnesium, subsequent to the fluid’s induction period. Nonstandard tests with
(-65-19 included one without copper or magnesium and cone in which copper was replaced by a bronze specimen. In
both instances, lubricant performance was considerably improved. Thus, the extreme degradation of 0-65-19 in
standard determinations would appear to be attributable to the presence of the pure copper specimen. The same
effect was not produced hy bhronze, although the metal has a high copper content (58 percent, typical). The
determination on -65-21, with copper and magnesium excluded, showed no appreciable performance change from
that obtained from one of the standard tests. Three specimen set variations were emiployed with lubricant 0-66-25.
As with 0-65-19, the presence of copper resulted in increased oxidative degradation for 0-66-25. The use of bronze
did not produce any significant catalytic effect on sample deterioration.

Tabie 9 contains results for one equal-part blend examined in the 26-day series. Blend K-1054 was made
up of the constituents 0-65-19 and 0-65-2!. The K-1054 determination indicated no incompatibility of the mixture,
but showed a performance approximating that of the better constitizent, viz. 0-65-21.

Table 10 lists the results of a brief test series at an intermediate test-condition severity. Six lubsicants
were examined at 365°F for test durations ranging from 9 to 14 days. The resultan! test data showed the time-
temperature conditions to be generally inapplicable. Three of the test fluids gave very short, indeterminate
neutralization number brezkpoints. whereas the remaining three lubricants showed no breskpoints within the 14-day
test period.
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Table 8. Summary of Oxidation-Corrosion Tests
at 347°F, 96 t0 192 Hr
(Air rate, 10 liters/hr; reflux)
" Test 100°F Vig Neut. No., Oil Loss, Significant Test
& Duration, hr Change, % mg KOH/g wt % Metal Attack® No. .
¥
) ‘ 0-65-14
: 96 -20 1.10 3 None 210-1 )
v 144 ~13 1.29 5 None 2111
192 -23 1.56 6 None 212-1
192 -2.6 1.54 4 None 212-2
0-65-18
4 96 -1.6 1.10 2 None 210-2
f 144 -2.1 1.25 2 None 2i1-2
E 192 -16 1.50 6 Cu 2123
13
: 0-65-19
96 ~19 1.i3 2 None 210-3
144 20 1.31 3 None 2113
192 -3.1 1.60 4 None 2124
0-65-2!
} 96 +3.0 091 3 Nons 2104 .
: 144 +2.3 1.61 3 None 2114
: 192 +3.7 117 6 None 212-5
0-65-25 ‘
96 +1.6 1.01 2 None 210-5
144 +3.1 096 4 None 211-5
192 +14 1.26 2 None 212-6
*Defined as a weight change of $0.20 mg/cm?2, or more. Metal set | {Al, Ti, Ag, steel, Cu, Mg).

A comparison of neutralization number breakpoint data obtained under equivalent test conditions, other
than time and temperature, is given in Tahle 11. The test lubricants are listed in order of decreasing performance
capability at 347°F. The resultant ranking of lubricants generally indicates very satisfactory correspondence between
the long-duration test results and those for the higher temperature, short-duration tests. One possible exception to
this agreement might be 0-67-24. Short-duration test results with this oil imply a higher ranking than that allowed
by the 13-day breakpoint obtained at 347°F. However, considering the repeatability of the 26-day test, the 0-67-24
discrepancy may not be real. For example, a breakpoint variation of +2 days could have moved the 0-67-24 ranking
to a position between K-1054 and 0-66-25. In this position, the short-duration test data for 0-67-24 would show
much improved alignment. Further, it should be recalled that the 147°F, 26-day test procedure employs a different
breakpoint definition from that of the short-duration test, as well as sample oil makeup. [t is expected that the latter
variation i technique might demonstrate a pronounced effect on the oxidative stability of certain lubricants.
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E Tabie 9. Summary of 26-Day, 347°F Oxidation-Corrosion Test Results
{' (Air rate 10 liters/hr; reflux)
Qil Metal 100°F Vis Neut. No., Breakpoint, days Slgan::::mt Test
Code Specimen Set* Increase, % mg KOH/g | 160°F Vis | Neut. No. Attackt No.
N 0-60-18 | Standard 5 2.29 26+ 26+ All 293.1
g
i 0-64-2 | Standard 20 0.51 26+ 26+ Mg 261-6
1 Standard 20 0.42 26+ 26+ None 294.1
] 0-64-12 | Standard 6 2.78 26+ 26+ Al 2932
b
' LI 0-64-18 | Standard 1 545 26+ 14 None 2933
0-65-14 | Standard 68.898 (21 days) 619 17 6 Cu,Mg | 2412
Standard 67 (21 days) 50.5 14 17 Cu,Mg | 283.
Standardi 82 (14 days) | 72.6 (21 days) 8 5 Cu 241.1
0-65-18 | Standard 13 (21 days) 53.0 16 14 Cu,Mg | 248.1
! w/o Mg —-7(21 days} 534 23 17 Cu 248-2
0-65-19 | Standard 267 (21 days) 54.1 15 14 Cu 2413
Swandard 7 (21 days) 524 19 13 Cu 248-3
Standard —~11 (14 days) 48.3 14 5 Cu, Mg 2832
ﬁi w/o Cu, Mg -5 232 o+ 26+ None 2614
3 Bronze in place -4 233 26+ 26+ None 261-5
4 of Cu
0-65-21 Standard 18 5.78 23 18 Cu 2414
] Standard 5 246 26+ 26+ Cu 2612
3 w/o Cu, Mg 3 238 26+ 26+ None 2484
3
; 0-65-31 Standard 16 0.8S 26+ 26+ Cu 2415
4 Standard 18 091 26+ 26+ None 261-1
-
‘ 0-66.9 Standard 13 085 26+ 26+ None 2774
0-66-11 Standard 982 (21 days) 536 10 10 Cu, Mg 2934
¥ 0-66-25 | Standard 72 5.69 16 14 Ag.Cu | 2416
: w/o Mg 87 787 9 1 Ag.Cu | 2485
1 wlo Cu, Mg 18 191 26+ 26+ Ag 2486
i Bronze in place 19 1.65 26+ pl Ag 613
of Cu
0-67-3 Standard 16 0.74 20+ ot None 3241
0-67-7 Standard 1221 days) | 250 "t days) 16 14 Cu.Mg | 29422
0-67-8 Standard 18 1.84 26+ 26+ Cu 2943
25
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. 5, Table 9. Summary of 26-Day, 347°F Cxidation-Cerrosion Test Results (Cont’d) 4
‘1 ( Air rate 10 liters/hr; reflux) g
2 ‘ oil Metal 100°F Vis Neut. Nr ., Breakpoint, days S‘%&‘jﬁf’“ Test i
: .‘ Code Specimen Sct* Increase, % mg KOH/g 100°F Vis | Neut. No. Attackt No. e
f i
0679 | Standard 5 1.55 26+ 26+ None | 2775
‘ Standard 5 1.39 26+ 26+ Cu 283-3 i3
' Standard 6 225 26+ 26+ None | 32422 v
¥ :
0-67-11 Standard 13 0.85 26+ 26+ Mg 2776
Standard 14 0.90 26+ 26+ None 2944
0-67-13 | Standard 26 0.55 26+ 26+ Cu 294.5
0-67-20 | Standard 18 0.66 26+ 26+ Cu 294-6 :
: T
06721 Standard 16 0.95 26+ 26+ None 324-3 i
. 0-67-24 | Standard 177 60.3 17 13 Cu, Mg 3244
: 0-681 | Standard 16 0.30 26+ 26+ None 3245
3 ATL-720| Standard 529 (21 days) 51.6 13 6 Cu 277-1
ATL-737| Standard 11 3.12 26+ 26+ Cu 277-3
ATL-753] Standard 7 1.73 26+ 26+ Cu 277-2
ATL-769| Standard 2 1.54 26+ 26+ None 2834
Standard 4 1.54 26+ 26+ Cu 293-5
ATL-770| Standard 4 1.35 26+ 26+ None 283-5
ATL-771{ Standard 2 1.45 26+ 26+ None 283-6
K-1054 Standard 0 9.39 26 19 Cu 293-6
*Standard metal specimen set: Al, Ti, Ag, steel, Cu, Mg ~ T
1 Defined as a weight change of $0.20 mg/cm?.
$No oil makeup for samples.




Table 10. Summiary of 365°F Oxidation-Corrosion
Test Results

{ Air rate 10 liters/hr; reflux)

Gil Test Time, 100°F Vis Neut. No., Breakpoint, days Slg;::::;mt Test

4 ' P / °F Vi . No. .

Code days Increase, mg KOH/g 100°F Vis Neut. No. Attack® No
0-65-14 9 1663 333 1 + Cu, Mg 305-1
0-65-19 11 365 204 4 + Cu, Mg 30S8-2
0-67-7 10 - 1275 324 4 + Cu 305-3
0-679 14 2 1.72 14+ 14+ Cu 3054
0-67-11 14 12 103 14+ 14+ None 305-5
0-67-20 14 13 0.78 14+ 14+ Cu 305-6

*Defined as a weight change of +0.20 mg/cm?2. Neatal setl (Al, Ti, Ag, steel, Cu, Mg).
tIndeterminate ; breakpoint occurred between 0 and 7 days.

Table 11. Lubricant Rankings as Affecied

by Test Temperature

(Air rate, 10 liters/hr; reflux)

Neut. No. Breakpoint
0il 347°F, 385°F, 392°F, 401°F,
Code duys hr hr hr
0-66-9 do+ 48+
0-67-13 26+ 48+, 48+
ATL-737 26+ 48+
ATL-753 26+ 48+
ATL-769 26+, 26+ 48+
ATL-770 26+ 4%+
ATL-77i 26+ AR+
0-64-2 26+, 26+ 48+ 72+, 72+ 72+
0-65-31 26+, 26+ 48+ 72+ 72+
0-67-21 26+ 48+ 72+ 71
0-68-1 26+ 48+ 724 66
0-67-3 Do+ 72+ 724,72+ 56
06720 26+ I8+, 4K+ 72+ 55
0-67-11 26+, 26+ 48+ 72+ 46
Q-¢7-8 26+ 48+ 48+ 70
0-04-12 I 73+ 60 41
0-60-18 26+ 61 53 I8
0679 26+, 20+, dyt 58 44 33
0-63-21 18, 26+ 56 49 I8
K-1054 i9 36
0-66-25 14 48+
0-64-18 14 40 I8
0-65-1K8 14 40
0617 14 39 19
0-67-24 13 53 40 15
0-65-14 6,17 3141 30
0-65-19 4,13, % 39 ]
0-06-11 10 REB 24
ATL-720 3 B




An examination of the data of Table 11 suggests that the applicability and sensitivity of the short-
duration test is best realized by Irbricant evaluation at more than one temperature. In this way, the lubricant’s
response to temperature change is obtained and the performance profile may be compared with fluids oi a similar
class.

4. Test Resulis ar 428 and 464°F. At these rather severe sample temperatures, 22 lubricants were evaluated
by means of the low-airflow refiux test procedure in the aluminum block apparatus. The test lubricants were
selected on the basis of expected oxidation stability at high test temperatures. Each of the test lubricants was
evaluated at a 428°F, 48-hr condition. Certain of the more stable iaterials were also examined at a 464°F_ 48-hu
condition and a 428°F, 168-hr condition.

Summarized test results for this series of runs are given in Table 12. Breakpoint analysis was not applied
to this series, which was performed in the early stages of the program. Figure 4 presents the performance trend
for the three test conditions, as evidenced by final neutralization number. Using an arbitrary demarcation value. the
initial test condition showed 10 of the 22 lubricants with a final neutralization number of less than 5 mg KOH/g. At
the 464°F, 48-hr condition, iwo of five test oils were in this category. Of the three lubricants examined in the
168-hr test, only MLO-62-1005 yielded a neutralization number below 5 mg KOH/g. This fluid indicated very good
oxidative stability on the basi- of sample acidity at all conditions. However, at the two more severe test conditions,
MLO-62-1005 showed significant viscosity increases (Table {2).

Table 12. Summary of 428 and 464°F Oxidation-Corrosion
Test Results

(Air rate i0 liters/hr; reflux)

il Significant .

Oit Sample Test 100°F Vis | Neut. No.. L?):S 'g;L:;;’" Test

Code . Temp, °F Time, hr Increase, % mg KOH/g wt Attack* No.
0-61-17 428 48 27 5.1¢@ 3 Cu 290).1
428 48 27 493 | Cu 317-2
0-62-25 428 48 60 11.6] 7 Cu 290-2
428 4% 63 11.60 6 Cu 317-1
0-64-1 128 48 121 5.54 6 Cu 3174
464 4% 309 793 8 Cu 320-1

0-64.2 428 48 3% 4.54 5 Noue RET: 99
424 48 33 428 3 None 3175
0-64-13 428 48 28 7.51 4 Cu 3177
0-64-17 428 4% 34 0.86 5 Cu 3121
428 I 68 136 505 11 Cu 321

464 48 39 3.15 3} Cu 3202
)-65.7 42K 4% 210 K¢ 4 Cu 3176
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Table 12. Summary of 428 and 464°F Oxidation-Corrosion
Test Results (Cont'd)

(Air rate 10 liters/hr; retlux)

L RA AT RN e

oil Sample Test 100°F Vis Neut. No., oil Significant | o,
Code Temp,°F | Time,hr | Increase,% | mgKOH/g | o Metal No

’ ’ ’ wt % Attack® ’

0-65-16 428 48 32 5.50 2 None 317-8

0-65-33 428 48 36 7.52 7 Cu 290-3

428 48 45 10.00 15 Ag, Cu 3173

0-65-36 428 48 24 2.80 4 Cu 284-2

428 48 23 2.51 5 Cu 319-1

0-6544 428 48 332 15.89 6 Cu 329.3

0-66-14 428 48 35 6.09 5 Cu 319.2

0-66-15 428 48 26 2.29 5 Cu 319.3

0-66-16 428 48 42 6.62 5 Cu 319-4

0-674 428 48 a6 7.46 7 Cu 284-3

428 48 34 8.11 3 Cu 319-5

ATL-401 428 48 102 5.02 7 Cu 290-4

ATL402 428 48 63 4.26 A Cu 290-5

ATL405 428 48 10 3.20 4 Cu 319-6

MLO-62-1005 428 48 20 1.07 8 Cu 319.7

428 168 112 0.45 18 Steel, Cu | 321-2

464 48 238 1.48 8 Steel, Cu | 320-3

ML0-62-1011 428 48 9 1.22 3 Cu 229
428 168 160 14.33 11 All 328-1

4284 168 174 (120 hr) 22.8 17 Mg 328-2

464 48 22 571 4 Al, Ag 333-1

MLO-62-1012 428 48 40 37.6 5 Cu 329.2

MLO-63-1002 428 48 66 4.50 7 Cu 319-8

428 48 73 3.80 6 Cu 3222

464 48 195 6.24 8 Cu 320-4

*Defined as a weight change of +0.20 mg/cm?2, or more. Metal set 11 (AL, Ti, Ag, steel. Cu).
1 Test performed with Mg added to metal set.
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LUBPICANT CODE

Figure 4. Neutralization Number Data for Test Temperatures
of 428 and 464°F

Copper corrosion was encountered in a large majority of the runs described in Table 12. The unusual
occurrence of corrosion of mild steel as shown by MLO-62-1005 is in agreement with previous studies(3) on this
fluid. At the 464°F test temperature, steel weight loss with this oil was in excess of 7 mg/cm?. Instances of
significant metal attack with MLO-62-1011 were generally associated with a weight gain due to the
presence of a dark carbonaceous deposit. In the determination with magnesium added to the metal set, a
lesser deposit occurred although viscosity and acidity data showed increased deteric:ration. The unique
phenomenon of metal attack by MLO-62-1011 at the various test conditions is outlined below by weight
change data given in mg/cm?:

428°F, 428°F, 428°F, 464°F,

48 hr 168 hr 168 hr 48 hr
0.00 +0.79 +0.16 +0.22

—-0.06 +0.51 0.00 +0.16
0.00 +0.39 +0.04 +0.20

+0.04 +0.37 --0.06 +0 18

-1.14 -0.41 -0.18 +0.1¢
- —_ Destroyed -
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C. High-Temperature Test Results

Within the temperature range of 608 to 680°F, two polyphenyl ether materials and one experimental type
lubricant were evaluated, primarily with respect to variation of metal types in the corrosion specimen set. The test
series on the experimental fluid 0-64-20 is shown in Table 13. Although significant viscosity increases occurred at
the more severe test conditions, sample neutralization number remained very low throughout the series. At the
680°F temperature, sample cooling was encountered as a consequence of rapid and violent refluxing.

Table 13. Summary of High-Temperature Oxidaiion-Corrosion Tests on 0-64-20

(Air 1ate 10 liters/hr; reflux)

Testo Test Sph::itlﬂen 100°F Vis | Neut. No., | Oil Loss, S'g;;lg:fm Test

Temp, F | Time, ke Set Increase, % | mg KOH/jg wt % Attack” No.
608 48 1 18 0.04 2 Al, Ti. steel, Cu, Mg 272-2
608 48 I 16 0.04 2 Al, steel, Cu, Mg 300-1
608 48 Il 18 0.08 1 Al Ti. steel, Cu 272-5
608 48 1 17 0.04 2 Al, steel, Cu 300-2
608 43 131 42 0.07 ) Al, Ag, steel 300-3
608 168 I 68 0.13 3 Ag, Cu, Mg 280-3
608 168 1l 100 0.16 1 Ag, Cu 280-6
608 168 11 66 0.09 i Ag, Cu 31341
644 48 1 45 n.10 I Ag, Cu, Mg 273-2
644 43 | 39 0.03 2 Al, Ag, steel, Cu, Mg | 302-1
644 48 11 48 0.08 2 Ag. Cu 273-5
644 48 11 38 0.03 i Al, Ag, steel,Cu 302-2
644 48 [i! 40 0.07 1 All 302-3
680t 48 | 156 0.01 5 Ag, steei, Cu, Mg 304-1
680t 48 I 87 0.01 5 Al, Ag, steel, Cu 304-2
6807 48 11 124 0.03 4 i Al, Ag, steel 304-3

Metal set  I: AL Ti, Ag, steel, Cu, Mg

Metal set 1i: Al Ti, Ag, steel, Cu

Metal set H1: AL Ti Ag, steel

*Detined as a weight change of 0.20 mg/cm?2, or more.

+Sample temperature dropped to 6 70°F at 16 hr and held thereatter due to violent refluxing.

The eftects of metal specimen changes on O-64-20 were generally inconclusive. On the basis of viscosity data,
the IR-hr/608°F conditions indicated a deieterious effect for the absence of copper {set ). However, this
phenomenon was not apparent at 644°F. The 680°F condition showed a possible benet icial effect for the absence of
magnesium (sets 11 and 111): but at this viscosity level, and with an uncontroliable \aniple temperature, the result
may be ithin the range of experimental repeatability.

Several instances of inetal attack witir U-64-20 are noted in Table 13. Copper corrosion (weight loss) was
obtained in every test where the metal was present. Silver corrosion occurred at the 168-hr/608°F conditions and at
the two higher test temperatures. All other notations of metal sttack refer to - weight gain due to the presence of
specimen deposits not removed by the normal post-test procedure.

Table 14 presents high-temperature test data for O-67-1 (a high-viscosity piyphenyl ether) and M-1041 (an

equal-part blend of 0-64-20 and 0-67-1). Two high-airflow determinations were performed with 0-67-1 and, in both
cases, the tests were terminated prior to 48 hr due 1o severe oil losses. Thus, data shown in Table 14 tor these runs
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Table i4. Summary of High-Temperature Oxidation<orrosion Tests on 0-67-1 and M-1041
{Air rate 10 liters/hr; reflux)
Soni
Test Test Sp‘::;'en 100°F Vis | Neut.No., | Oil Loss, “‘ﬁﬁif"' Test
; Temp,"F | Time, hr Set Increase, % | mg KOH/g wt % Attack® No.
? Lubricant 0-67-1
608t 40 v 23(24hr) |0.10Q4ne) | 77 None 2728
;
! 608 48 I 16 0.07 3 None 2723
g 608 48 I 16 0.03 3 Cu 306-3
608 48 | 16 0.04 3 Cu 306-4
608 48 I 15 0.03 2 Nene 300-7
608 48 Il 15 0.06 3 None 272-6
{ 608 48 1l 15 0.02 3 None 300-8
: 608 48 1] 1S 0.03 2 None 300-9
5 608 168 I 4 0.13 3 None 280-2
608 168 It 44 0.18 3 Cu 280-5
6441 24 v 25(16 hr) | 0.04 (16 hr) 75 None 273-8
644 4% | 36 0.02 4 None 273-3
644 48 I 38 0.c0 2 None 3024
£ 644 48 I 35 0.00 4 Cu 309-3
644 48 i 36 0.0! 3 Steel 3094
644 43 H 35 0.08 3 None 273-6
644 48 || 37 0.00 2 None 302-5 .
644 48 i 43 0.06 2 None 302-6
68C 48 | 302 Q.10 3 None 3044
680 48 11 290 0.09 5 Cu 304-5
680 48 I 989 0.1 2 None 304-6
Lubiicant M-1041
608 48 1 21 0.02 i ag.Cu 310-1
644 48 I 130 0.14 2 1 Ag. steel, Cu, Mg 309-5
Metal set 1. Al, Ti, Ag, steel, Cu, Mg
Metal set I1: Al, Ti, Ag, steel, Cu
Metal set II1: Al Ti, Ag, steel
Metal set IV Al Ti, Ag, steel, SS, Cu
*Defined as a weight change of 10.20 mg/cm? or more.
1 Air rate 130 liters/hr. nonreflux.

were obtained on the penultimate samples. With the normal 10-liters/hr air rate, 0-67-1 demonstrated very satis-
factory oxidative stability at 608 and 644°F. The 680°F sample temperature resulted in appreciable viscosity
increases, but sample acidity remained low under all conditions.

A 48-hi, four-test repeat series was performed with 0-67-1 at 608 and 644°F using specimen set I. At both
tempciatures, the repeatability of viscosity and neutralization number data was excellent. However, results for metal
specimen attack were inconsistent. Two of four determinations at 608°F showed a significan* weight increase for
copper. At 644°F, one determination indicated a weight gain tor copper and ancther run gave a wcight
increase for mild steel. The only instances of significant metal weight loss with O-67-1 were the copper
specimens noted in une 168hr determination and in one run at 680°F.
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Results for two determinations on the 1:1 biend of 0-64-20 and O-67-1 (code M-1041) are aiso given in Table
14. At 608°F, blend performance approximated that of the icast stable of the two constituents, viz., 0-64-20.
However, the 644°F determination indicated some incompatibility of the constituents in that sample neutralization
number and. particularly, viscosity were higher than corresponding data for either constituent under comparable test
conditions. Further, the 644°F test on M-1041 revealed significan: corrosion of steel and magnesium, which was not
shown by the constituents, as well as wzight losses for silver and copper.

High-temperature test data for the SP4E polyphenyl ether, F-1041, are listed in Table 15. As with 0-67-1, the
high-airflow runs on ¥-1041 were prematurely terminated bccause of excessive oil losses. In addition, many of the
Jow-airflow determinations at the more severe conditions were terminaied as a consequence of sample geliation. In
comparison with 0-64-20 end 0-67-1, lubricant F-1041 indicated appreciable deterioration, particularly as evidenced
by samnple viscosity.

Table 5. Summary of High-Temperature Oxidation-Corrosion Tests on F-1041

(Air rate 10 liters/hr: reflux)

Significant
etal
Increase, % mg KOH/g wt % Attack*

Metal ° : 3 :
Specimen 100°F Vis Neut. No., Qil Loss,

Set

None

Cu, Mg

Ag, Cu

Ag, steel, Cu
Ag,Cu

Ag, Cu
Ag,Cu

Ag

Ag, Cu

Ag. Cu
None

Ag, Cu, Mg
Ag, Cu

Ag. Cu

Ag, steel, Cu, Mg
Ag, steel, Cu

~
e

28 (24 Hr) | 0.C2(24 hr)
370 0.42
st1 0.49
457 0.50
269 0.22
270 0.38
501 0.49
L1 0.63
1,790 (72 hr) | 1.13(72hr)
1,226 (72 hr) | 0.33(72hr)
46 (16 hr) | 0.91 (36 hr)
5,188 (40 hr) 0.30
3.517 (40 hr) 0.34
41.490 0.38
16.355 0.35
4,158 (40 hr) 0.76

o 2]
woh b b N0 W W W W -

Metalset 10 AL Ti, Ag. steel Cu, Mg
Metal et 1i: AL Ti, Ag, steel, Cu
Metal set 1iE: AL Ti. Ag, steel

Metal wet IV AL Ti. Ag, steel, S8, Cu

*Defined iy o weight change of 3020 mg/cm? or more
P A rate 130 Liters/hr: nonreflux

The repeat tests conducted on F-1041 showed considerable variation of results for viscosity and neutralization
number. However, this phenomenon s not unexpected because of the relatively high level of lubricant degradation.
This variation of results was also evident in the metal atwack data. In this case, some reversals were encountered with
regard to specimen weight foss or gain. This is llustrated by identification of the type of metal attack (¢ weight
change) obtained in the two, four-test series on F-1041 with metal set I:
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Significant Meta! Attack
Run No. 48 hr/608°F 48 hr/644°F
1 Cu—, Mg+ Ag-, Cu--, Mg+
2 Ag—, Cu- Ag—, Cu-
3 Ag—, steel +,Cu+t Ag--, Cu-—-
4 Ag—, Cu- Ag—, steel +, Cu--, Mg—

As a consequence of the variability oi metal specimen data and the frequency of coupon deposits in the
high-temperature tests, a subsequent series of runs was performed using a specimen electrocleaning procedure
previously described. Scveral lubricants were examined i this series, with summary data given in Table 16. It wiil be
noted that the direction of metal weight change is indicated in this table by the % sign.

Three determinations were performed with experimental lubricant 0-66-1C. The fluid demonstrated good
oxidative stability up to 650°F as evidenced by viscosity and neutralization number change. The variation of metal
specimen set at 650°F showed essentially no effect on lubricant performance. Application of the metal specimen
electrocleaning procedure revealed the presence of significant steel corrosion in two tests with 0-66-10, and copper
corrosion in one determination.

A single test was conducted with experimental lubricant 0-66-26 (Table 16) at 600°F. A 20-percent viscosity
increase was obtained on the fluid. Sample neutralization number could not be determined due to the immiscibility
of the fluid in the normal toluene-isopropanol titration solvent. Lubricant 0-66-26 was also unique in that signifi-
cant corrosion of the titanium specimen occurred. This metal normally exhibits virtually inert characteristics in the
oxidation-corrosion test, even at high temperatures.

The series on 0-67-1 was performed to examine further the repeatability of the test at high temperature.
Viscosity and acidity results showed excellent correspondence, and are in good agreement with previous data (Table
14) at these conditions. Metal corrosion results, however, were less satisfactory in repeatability. After electro-
cleaning, all four determinations on 0-67-1 indicated significant copper corrosion, bu: only two of four showed
significant silvar attack.

The SP4C polypheny! ether, F-1041, was examined at 600 and 650°F using 2(-liters/hr airflow and nonreflux.
The effect of metal specimen changes (set V vs set VI) was studied at cach temperature. The irend observed was the
same at both temperatures; the addition of copper and magnesium (set V1) resulted in reduced viscosity and
neutralization number changes, although the 650°F runs were prematurely terminated cue to sample gellation.

Lubricant G-1033 shown in Table 16 is identical to F-1041. The former sample was received at a later date
and, thus, assigned a distinguishing oil code number. The repeat test series at 608°F on G-1033, as well as the similar
series on F-i041, showed very satisfactory repeatability of viscosity and acidity data, considering the lubricants
individuolly or in combination. Tke one apparent discrepancy with respect to iest agreement was the final deter-
mination on G-1033. This run did aot exhibit the silver corrosion which was characteristic of earlier tests on both
G-1033 and F-1041. Further discussion of metal specimen data for the 0-67-1, F-1041, and G-1033 repeat test series
will Ue given subsequently.

A single test was made with the SP4E polypheny! ether, K-1054, also shown in Table 16. Under comparable
conditions, the fluid indicated a performance quite similar to that for F-1041, except for the occurrence of metal
attack. K-1054 did not exhibit silver or copper corrosion, but did show a significant weight gain for magnesium after
electrocleaning. The latter phenomenon resulted from a hard, oxide-type coating on the specimen, rather than the
usual carbonaceous-type deposit.

In general, the use of metal specimen electrocleaning proved to be of considerable value. Results shown in
Table 16 describe several instances of metal corrosion which were obscured by the presence of carbonaceous
deposits following the normal cleaning procedure. Further. the precision of repeat test data for metal attack wa
improved by electrocleaning. This is illustrated by detailed weight data for silver and copper ootained in the multiple
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test series on 0-67-1, F-1041, and G-1033, and presented in Table 17. With 0-67-1, it is seen that the absolute value
of the standard deviation for silver attack increased after electrocleaning. However, when expressed as a percentage
of the mean, a considerable improvement in deviation was obtained by electrocleaning tor both silver and copper. A
similar effect was shown by the F-1041/G-1033 data, although, in this case, the improvement was less significant.

Tabie 17. Repeatability of High-Temperature Test
Corrosion Data

(Air rate 10 liters/hr; reflux; 48 hr at 608°F;
metal specimen set 1.)

Weight Change, mg/cm?
Normal Cieaning Elactrocleaning
Ag I Cu Ag J Cu
Lubricant 0-67-1
+0.04 -0.20 -0.26 -0.53
+0.02 -0.24 -0.24 -0.45
-0.06 -0.04 -0.10 -0.37
—0.06 -0.10 -0.06 ~-0.47
Mean -0.015 -0.1 4_5 -0.165 -0.455
Standard Deviation 0.053 0.091 0.100 0.066
Standard Deviation as
% of Meau 353 63 61 15

Lubricants F-1041 and G-1033

-0.18 —~1.18 -0.77 ~1.46
-0.32 —1.01 -0.43 - 1.40
-0.36 -1.03 --).36 -1.60
-0.36 ~0.99 ~i).47 ~1.54
--0.28 -1.0§ - 0.75 ~1.44
-0.22 --1.20 ~0.69 -1 52
-0.36 - 0.95 ~(.41 ~i.54
+0.02 -1.24 -0.08 1.58
Mean -0.258 1.081 -0.495 1.510
Standard Deviation 0.131 0.109 0.233 0.070
Standard Deviation as
% of Mean 51 10 47 S
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SECTION V
CONCLUSIONS

Using an 18-hr oxidation-corrosion test procedure,{1:3) six lubricants were evaluated with respect to tempera-
ture tolerance as reflected by 10G°F viscosity increase. Satisfactory performance was attributed to those lubricants
which did not exceed a viscosity increase of 100 percent. On this basis, four of the six fluids were satisfactory at
425°F test temperature, but none was acceptable at 450°F.

A large number of determinations were conducted at a 385°F test temperature using airflow conditions of 130
liters/hr, reflux or nonreflux, and 10 liters/hr, reflux. Most test samples were unaffected by refluxing at the high
airflow. However, certain fluids indicated improved stability, while others showed a deleterious effect for reflux of
condensable vapors. All test lubricants exhibited reduced degradation rates at 10 liters/hr, in comparison with the
high airflow data.

Test results at 385°F with various lubricant blends revealed some incompatibility of lubricants 0-65-18 and
0-65-21 at certain blend ratios. This effect points out an apparent discrepancy in lubricant batches in that the
phenomenon did not occur in similar blend tests with 0-65-19 and 0-65-21-the former being a different batch of
0-65-18.

A test series in the temperature range of 385 to 401°F was performed whereby lubricant breakpoint per-
formance criteria were applied. With primary emphasis on neutralization number breakpoint, it is concluded that
these parameters represent useful measures of lubricant performance. Furthermore, on the basis of comparisons with
long-duration test data at 347°F, it is tentatively concluded that the neutralization number breakpoint obtained in
short-duraticn, higher temperature tests will satisfactorily predict relative lubricant performance ranking. It is,
however, recommended that this time-temperatur: relationship receive additioral study for confirmation.

Within the temperaturc range of 385 to 401°F, several test variations were examined with respect to the
composition of the met.! specitnen set. These variations, in many instances. resulted in significant and diverse
changes in lubricant performance. The most consistent effect noted in this study was the frequency of improvement
of sample stability in the absence of a pure copper specimen.

Several lubricants were evaluated at moderately severe test temperatures of 428 and 464°F. This test series was
conducted prior to application of breakpoint criteria, and acceptable performance capability was described in terms
of an arbitrary neutralization number value of 5 mg KOH/g. On this basis, 10 of 22 test lubricants were satisfactory
at conditions of 48 hr/428°F. Final neutralization numbers at these conditions ranged from 0.86 to 37.6 mg KOH/3.
At test conditions of 48 hr/464°F, only two of five fluids examined showed acidity values less than 5 mg KOH/g. Of
three lubricants subjected to test conditions of 168 hr/428°F, only MLO-62-1005 showed acceptable performance as
evidenced by sample neutralization number.

A number of polyphenyl ether and experunental-type fluids were evaluated in a high-temperature test series
ranging from 60C to 680°F. The effects of various metal specimen sets were investigated in this series, but the
performance changes due to these variations were generally inconclusive. Isolated runs, however, did show a bene-
ficial effect for the presence of copper with SP4E polyphenyl ether. This effect contrasts with that shown by copper
in many low-temperature tesis with ester-type fluids.

Several reruns were conducted in the high-temperature series to examine the repeatability of results. In all
cases, very satisfactory agreement was obtained for viscosity and acid number data. However, poor agreement of
metal corrosion results was observed. Subsequent determinations using metal specimen electrocleaning served to
improve the precision of corrosion data, but siguificant deviations persisted for some tests.
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